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45.000 let stare fosilne dlake jamskega medveda 
iz najdišča Divje babe I v Sloveniji 
Ivan T U R K , Franc C I M E R M A N , Janez D I R J E C , Slavko P O L A K in Jur i j M A J D I Č 
Izvleček 
V paleolitskem najdišču in fosilnem brlogu jamskega medveda 
Divje babe I so bili na jden i poleg številnih kosti in zob tudi 
odtisi dlak in njihovi fosilni ostanki, stari 45.000 let. Fosilizirane 
dlake iz Divjih bab I so zaenkra t edinstven p r imer v j amskem 
sed imentac i j skem okol ju . 
Abstract 
Imprints and fossilised remains of cave bear hair were found 
in a fossil den at the Palaeol i thic site of Divje babe-I , in ad-
dit ion to a p l e tho ra of bones and tee th . The hairs f rom Divje 
babe-I are current ly the only example of their kind found in 
cave deposi ts . 
UVOD 
Dolgole tne raziskave v novejšem večplas tnem 
paleoli tskem najdišču Divje babe I v dolini Idrijce 
v severozahodni Sloveniji so pr ipel ja le tudi do 
zanimivega in po svoje p o m e m b n e g a odkr i t j a fo-
siliziranih os tankov dlak in njihovih odtisov. 
Najdišče Divje babe I je v slovenskem prostoru 
p o m e m b n o predvsem zaradi nove skupine paleo-
litskih na jdb in t r enu tno najbol j bogat ih pa leon-
toloških in pa leobotan ičn ih os tankov v a rheo lo-
škem sklopu. Paleolitske najdbe pr ipadajo posebni 
različici mlajšega mousteriena (5 horizontov, plasti 
3 - 14), za ka te ro je značilen velik delež mlajše-
paleoli tskih orodi j , in zgodn jemu aur ignacienu 
(I horizont, plast 2) (neobjavljeno). Paleontološke 
na jdbe obsega jo več kot 50 različnih taksonov 
(neobjavl jeno) , med katerimi je z izredno velikim 
številom ostankov zastopan jamski medved (Ursus 
spelaeus Rosenmii l ler in He in ro th 1794) (Turk 
et al. 1992). Paleobotanični ostanki so predstavljeni 
z na jdbami pe loda in lesnega oglja (Turk et al. 
1988-1989; Šercelj, Culiberg 1985; 1991). Najdišče 
je na podlagi značilnih paleoli tskih na jdb in ne-
objavl jenih rad iokarbonskih AMS dataci j d o b r o 
k ronos t r a t ig ra f sko o p r e d e l j e n o . Pr ipada in ter-
pleniglacialu zadn jega glaciala (wiirm) in je, vsaj 
kar zadeva plasti 2 - 1 3 , s taro od 35.300 do 50.800 
let ( R I D D L 734,746, 759; Turke/al . 1989). Najbolj 
zanesljive dataci je plasti z mouster ienskimi najd-
bami so bile p r idobl jene na podlagi vzajemnih 
vzorcev lesnega oglja in kostnega kolagena ( R I D D L 
739 + 745 in 746 + 759) iz zaključenih celot (kvadrat 
1 x l m in režen j debe l ine 0,25 oz. 0,30 m), t ako 
da različni mater ia l i vzorcev niso dali s tat is t ično 
različne rad iokarbonske starost i (P > 0,80) (cfr. 
Taylor 1987, 125). 
Sis tematska izkopavanja v Divjih babah I so 
se začela leta 1980 in še t r a j a jo . Os tanke dlak 
smo odkrili leta 1994. To je plod obsežnih sedi-
mentoloških raziskav in zelo na tančne te renske 
me tode , ki od leta 1990 temelj i na spiranju vseh 
odkopan ih usedlin na sitih s p r e m e r o m luknjic 
10, 3 in 0,5 mm. 
NAJDBE V SVOJEM NARAVNEM 
SEDIMENTACIJSKEM OKOLJU 
Za vse usedline Divjih bab I so značilni sprimki 
in kosi mat ične do lomi tne kamnine , v kateri se 
je v pleis tocenu izoblikovala j ama . Kosi dolomita 
so vseh velikosti , od melja do blokov, sprimki 
pa samo manjši od ok. 10 mm. Njihovo število 
narašča eksponenc ia lno o b r a t n o s o r a z m e r n o z 
vel ikost jo f rakci j . Plasti , 26 po številu, se med 
SI. /.-. Fosfatni sprimki v frakcijah 0,5 • 3,0 mm iz različnih plasti. 
Fig. 1: Phosphate aggregates, 0.5 mm to 3.0 mm fraction, f rom various layers. 
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SI. 2: S tandardne statistike volumenskih tež po plasteh. 
Fig. 2: Standard statistics of aggregate density by layers. 
seboj razl ikuje jo predvsem po gostoti spr imkov 
(si. / ) , ki jo lahko enos tavno mer imo s pros tor -
ninskimi težami (si. 2). Sprimki so krhki , bol j 
ali m a n j zaobl jeni in pogos to razpokani (si. 3). 
Razpoke so s tare , saj so v njih madeži vivianita 
in d e n d r i t i . O b o j e d o b i m o tudi na površ inah 
sprimkov, dolomitnih kosov in fosilnih kosti. Raz-
poke d o k a z u j e j o , da je bila snov, iz ka te re so 
sprimki, nekoč plast ična, in da je razpokala pri 
s t r jevanu. Kemijska analiza (P in K) spr imkov 
je pokazala močno povečano vsebnost fos fo r j a 
(10 - 23 % names to 0,02 - 0,87 %, kot je ob iča jno 
za nepose l j ene j ame in tla v bližnji okolici) in 
normalno vsebnost kalija. Za to smo jih imenovali 
fosfa tn i spr imki . Plasti, ki vsebu je jo v drobnih 
f rakci jah skora j same fos fa tne spr imke in imajo 
na jv i š jo v sebnos t f o s f o r j a , pa smo imenova l i 
fos fa tne plasti. Kemijska analiza f rakci je usedlin, 
manjše od 1 mm, je potrdi la iz pedološke prakse 
znano pozitivno korelacijo med obema elementoma 
(r = 0.443, P < 0.01, n = 48), čeprav v najdišču 
ni nobenih ilovnatih usedlin, za katere je značilna 
povečana vsebnos t kali ja (L imbrey 1975, 74). 
Vrednost i kalija se sp remin ja jo v razponu, ki je 
ob iča jen za ka rbona tna tla. Ker so neka te re fos-
fa tne spoj ine v tleh re la t ivno na jbol j obs to jne , 
kar še posebej velja za naša karbona tna (bazična) 
j amska tla, smo vrednos t i fos fo r j a p o d r o b n e j e 
analizirali. Izsledki so zanimivi in p o t r j u j e j o našo 
staro domnevo (Turke/al . 1989). Sprimki, izraženi 
s pros torninskimi težami f rakci j 0,5 - 3,0 mm, so 
v nega t ivn i kore lac i j i z v s e b n o s t j o f o s f o r j a v 
usedl inah (r = - 0.497, P < 0.001, n = 176) in 
z maso fosilnih os tankov (r = - 0.300, P < 0.001, 
n = 492). Slednji 99,9 % p r i p a d a j o j a m s k e m u 
medvedu . Vsebnost fos for ja v usedl inah je v po-
zitivni korelaciji z maso fosilnih os tankov (r = 
0.378, P < 0.001, n = 176). Vendar te zakoni tost i 
ne ve l ja jo za t. im. fos fa tne plasti, ki vsebuje jo 
skora j same spr imke in fosi lne os tanke . Iz tega 
sledi, d a j e bil nastanek sprimkov z močno povečano 
vsebnos t jo fos for ja (si. 10) pogojen predvsem s 
prisotnostjo jamskega medveda v najdišču (Schmid 
1958; 1961; Turk et al. 1989; Kunst 1992). Najdišča 
brez jamskega medveda takih spr imkov nimajo , 
drugi agregat i pa ne n a s t o p a j o v tako velikem 
številu in v tako različnih velikostih. V najdiščih 
z množičnimi ostanki jamskega medveda lahko 
torej , names to običa jnega razvoja usedlin, priča-
ku jemo posebno fosfa togenezo . S tem pa dobimo 
tudi nov model za razlago nekaterih jamskih usedlin 
pri nas in drugod. Model lahko izpopolni danes 
že zastarel , a še vedno upoštevan Laisov model 
(1941; Schmid 1958; Laville 1975). 
Od gostote sprimkov, njihove barve in inkrustacij 
na dolomi tn ih f rakci jah so odvisne barve sedi-
mentov. Te so nam bile p o m e m b e n strat igrafski 
kazalec. Za barvo so odločilni naravni pigment i , 
SI. 4: Fosfa tn i spr imek z luknj icami (odtisi d lak) v p re lomu (a). Žlebiči (odtisi d lak) na površini fos fa tnega spr imka (/>). 
Fig. 4: Phospha te aggrega te with holes ( impr in t s of hairs) a long the f r ac tu re line (a). Grooves ( impr in t s of hairs) on sur face 
of p h o s p h a t e grain (b) . 
SI. 3: Večji fos fa tn i spr imki . 
Fig. 3: Larger p h o s p h a t e aggregates . 
predvsem železovi oksidi. Iz drugih najdišč vemo, 
da so jih v paleol i t iku pogosto uporabl ja l i v koz-
metične in higienske namene (Pilzs. a.). Relativno 
ma jhne količine teh barvil so lahko različno obar-
vale cele plasti (beri paleoli tske hor izonte) , odvi-
sno od tega, koliko so paleoli tski prebivalci j a m o 
onesnažil i s svojimi barvili in od tega, kakšno je 
bilo vsakokra tno sedimentac i j sko okol je: reduk-
cijsko (z vodo p repo jene , d robnozrna te usedline) 
ali oksidaci jsko (zračne, g robozrna te usedl ine) . 
Tako lahko s še nepre izkušen im mode lom ant ro-
pogenih vplivov bolje r a z u m e m o celo pa le to ci-
klično se ponavl ja jočih barv v s t ra t igrafskem ni-
zu. Taka pes t ros t barv je značilna predvsem za 
mnoga paleol i tska najdišča (cfr. Turk et al. 1989, 
tabla 2) in si jo težko razlagamo izključno z narav-
nimi sedimentaci jskimi in diagenetskimi procesi . 
Fosfa tni spr imki vsebu je jo razl ično količino 
dolomitnega peska in melja, zlepljenega s kalcije-
vim fos fa tom. Zelo homogeni sprimki so zgrajeni 
iz s t r j ene že la t inas te snovi z redkimi vključki, 
predvsem dolomitnih zrnc. Če take spr imke pre-
lomimo, ugotovimo, da so v notranjosti prepreženi 
s številnimi mikroskopskimi kanalčki (si. 4 a). 
Prečni preseki teh kanalčkov so okrogli in ovalni, 
r edke je ledvičasti, p remer i pa različnih dimenzij . 
Tanjši kanalčki ima jo p r e m e r e velikosti 0,05 -
0,09 mm (popreč je 0,067 mm), debelejš i pa 0,11 
- 0,22 mm (popreč j e 0,135 mm) . Meri tve smo 
nared i l i z mik roskopsk im mer i l cem. Podolžni 
preseki so ravni žlebiči z bolj ali man j gladkimi 
površinami brez posebne zgradbe. Samo izjemoma 
so na površini žlebičev vidni odtisi vlaken. Preplet 
žlebičev in mineral izirana vlakna v kanalčkih smo 
v enem primeru odkrili tudi na razpokani površini 
f o s f a t n e g a sp r imka (si. 4 b). Da gre za s t a ro 
površino, na katero s e j e nekaj odtisnilo, dokazuje 
značilna patina, ki je sveži prelomi sprinikov nimajo, 
in zaobl jenos t vseh površinskih robov. 
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SI. 5: Vlakno (fosilna dlaka) v kanalčku v fosfatnem sprimku. 
Fig. 5: Fibre (fossil hair) in channel of phosphate grain. 
V posameznih kanalčkih tičijo daljša vlakna 
okroglega preseka , ki so pravi loma precej tanjša 
kot odpr t ina kanalčka (si. 5). Tako kanalčki kot 
v lakna so ze lo pogost i zlasti v spr imkih t. im. 
fos fa tn ih plast i , ki v sebu je jo tudi p rece j fosil-
nih kosti in zob j amskega medveda . Pod elek-
tronskim mikroskopom smo pregledali 17 vlaken. 
Od teh smo jih 12 izolirali. Površina vlaken je 
sestavl jena iz razl ično debel ih vzdolžnih niti, ki 
so vidne tudi pri zelo veliki povečavi (si. 6 a-d). 
V enem pr imeru je površina obročas to nab rana 
(si. 7 a2). Vlakna so, p o d o b n o kot kanalčki , raz-
ličnih debel in (0,035 - 0,115 mm, p o p r e č j e 16 
vlaken je 0,054 mm). Vlakna se lahko proti enemu 
koncu tan jša jo , proti d rugemu pa debel i jo (si. 7 
b2). Pregledani prečni preseki so bili vsi bolj ali 
m a n j okrogli . Za neka te re je značilno, da so se-
stavljeni iz nekakšne ovojnice in j ed ra (si 7 c/2), 
za druge zopet , da imajo v sredini luknjico (si. 
7 c2). 
Prva misel, ki se nam je utrni la pri nakl jučnem 
odkr i t ju opisanih oblik, predvsem kanalčkov in 
žlebičkov - fosilizirana vlakna smo dokončno odkrili 
šele pod e lektronskim mikroskopom - je bila, da 
gre za odtise medvedjih dlak. Na to ne bi pomislili, 
če ne bi imeli v s tanovanju psa, ki pušča za sabo 
polno dlak. Koliko dlak so morali v Divjih babah 
I natrosi t i šele vsi tisoči in tisoči velikanskih jam-
skih medvedov, ki so se polet i hladili in pozimi 
prezimovali v njej! Od teh so pop rečno n a j m a n j 
trije, stari nad eno leto, poginili in s t rohnel i v 1 
m3 usedlin plasti 2 - 5 v 10.000 letih ! V plasteh 
10 - 14 se je število poginulih na 1 m3 usedlin 
skora j podese te r i lo . Od vseh teh mili jard dlak 
se jih je lahko v takšni ali drugačni obliki vsaj 
neka j tisoč ohran i lo do danes . 
ODTISNJENE IN FOSILIZIRANE 
MEDVEDJE DLAKE, DA ALI NE ? 
Divje babe I so značilen br log jamskega med-
veda. Podobni brlogi so bili že bolj ali m a n j na-
t a n č n o raz i skani v Sloveni j i in bl ižnji okolici 
(Brodar M. 1959; Rakovec 1967; Brodar in Brodar 
1983; Broglio 1964; Malez 1986). Zan je je značilno 
veliko število fosilnih ostankov. Ti so neenako-
m e r n o razpore jen i po plas teh, t ako ver t ika lno 
kot la tera lno (si. 8). Druge na jdbe so veliko bolj 
ome jene in redke. Ostanki zob in kosti p r ipada jo 
predvsem zelo mladim medvedkom, ki so poginili 
v času menjave zobovja. Teh je v Divjih babah I 
kar 40 - 86 %. Njihov delež se od plasti do plasti 
spreminja. Izolirani mlečni zobje in izolirani stalni 
zobje v fazi erupcije so po plasteh v močni pozitivni 
korelaciji (r = 0 .359-0 .567 , P < 0,01 in < 0,001, 
n = 54 - 166) To pomeni , da p r ipada jo enim in 
istim osebkom, ki so poginili med prvim zimo-
vanjem sami ali skupa j z ma te r jo . Spolna sestava 
fosilne populaci je , ugotovljena na podlagi dimor-
fizma stalnih zob, se spreminja skupaj s s taros tno 
s t ruk tu ro ( Turk el al. 1992 ). To pomeni , da so 
enole tn i in dvoletni mladiči prezimovali skupa j 
z ma te rami in skupa j z njimi tudi poginili. Veliko 
p e l o d a žužkocve tk v s e d i m e t i h Divj ih bab I, 
ka te rega količina se spremin ja skupa j s količino 
fosilnih ostankov jamskega medveda , dokazuje , 
da so se medvedi zadrževali v jami tudi poleti , 
saj so neka te re žužkocvetke še vedno na jedilniku 
rjavega medveda . Jamski m e d v e d j e bil tore j ne-
dvomno edini stalni uporabnik j ame. Poleg člove-
ka je bil hkrat i glavni naravni onesnaževalec . Za-
to lahko upravičeno d o m n e v a m o , da od t i sn jena 
in fosil izirana vlakna, ki se pojavl ja jo množično, 
preds tav l ja jo dlake j amskega medveda . Da gre 
za človeške lase, ki so po obliki in merah zelo 
podobni medvedj im dlakam, je glede na število 
paleolitskih ostankov in glede na popolno odsotnost 
SI. 6 a-d: Površine izoliranih vlaken (fosilnih dlak). 
Figs 6 a-d: Surfaces of isolated fibres (fossil hairs). 
skeletnih na jdb , malo ve r j e tno , ne pa izkl jučeno. 
Dlake ostalih naših večjih seslacev, po obliki pre-
rezov in razponu velikosti prerezov, kanalčkom 
v fosilnih spr imkih ne us t reza jo . 
Rezultat več kot sto let trajajočih raziskav najdišč 
in fosilnih os tankov jamskega medveda je zelo 
p o d r o b n o poznavan je te izumrle živalske vrste 
(Kur ten 1976). Kljub temu nam ni znano , da bi 
kdaj našli tudi fosilne dlake. Zago tovo pa taka 
na jdba , tudi če se kje o m e n j a , ni bila us t rezno 
d o k u m e n t i r a n a . Z n a n a nam je navedba odtisov 
dlak jamskega medveda iz j ame Fauzan v francoski 
pokra j in i Herau l t (Gil let 1963-1965, 138). Odtisi 
so bili n a j d e n i v fo s i l nem m e d v e d j e m ležišču 
( "gnezdu") , i zkopanem v ilovico. Taka ležišča so 
precejšnja redkost . V Divjih babah 1 se niso ohra-
nila. Kjer so bila še n a j d e n a , se odtisi dlak ne 
o m e n j a j o (Bar the 1984; Malez 1988). V Divjih 
babah 1 imamo poleg odtisov oč i tno o h r a n j e n e 
tudi fosi l iz irane dlake. Z a t o smo se odločili za 
podrobno pr imer javo z dlakami rjavega medveda, 
ki je najbližji živeči sorodnik izumrlega jamske-
ga medveda . 
Dlaka sesalcev je v pre težni meri sestavl jena 
iz drobnih nitk (mikrofi lomentov) kerat ina, izjem-
no t rdnega, prožnega in odpornega pro te ina . Zu-
nan ja zelo tenka plast - povrhnj ica ali opna (ku-
t ikula) d lake je iz številnih porožene l ih luskastih 
celic (si. 9 a). Pod povrhnj ico je skor ja (kor teks) . 
Sestavl ja jo jo celice, ki so pri človeku znači lne 
vre tenas te oblike, in so v tkane v mrežo vlaknastih 
kerat inskih omotov (si. 9b) ( C o r c u f f e / al. 1993). 
Sredica (medu la ) dlake je iz mrtvih celic, ki so 
različno vidne, in predstavljajo prehrambeni kanal 
napo ln jen z z rakom ali o rgansko tekoč ino s pig-
menti (si. 7 c l ) . Zg radba dlake se v podrobnos t ih 
razl ikuje od ene seslaske vrste do druge in se ne 
spremeni niti pri p rebavl jan ju , kar s p r idom upo-
rabljamo pri analizi prehrane plenilcev (Day 1966). 
Kožuh današnjega rjavega medveda (Ursus aretos 
Linnaeus , 1758) je p o d o b n o kot kožuh ostal ih 
naših večjih sesalcev sestavljen iz več vrst dlak. 
Osnovni sta daljša, krovna nadlanka in gostejša , 
vo lna ta pod lanka . O b e se po obliki in zgradbi 
močno razlikujeta. Vrstno in rodovno bolj značilne 
so dlake nadlanke. Dlake iz različnih delov kožuha 
so si zelo podobne razen kratkih dlak šap in smrčka 
(Debro t cl al. 1982; Teerink 1991). Pri zvereh 
(carnivora) ni bistvene razlike med zimsko in letno 
dlako, kot je to oči tno pri prežvekovalcih (Debro t 
SI. 7: Recentne dlake rjavega medveda (aI-tli) in domnevne fosilne dlake jamskega medveda (a2-cl2). Na slikah 7a/, 7bl in 7dl 
je kutikula poškodovana z vodikovim peroksidom. 
Fig. 7- Contemporary brown bear hairs (tiI-dI) and likely fossilised cave bear hairs (a2-d2). Figs 7aI. 7bI and 7ill show cuticulas 
damaged by hydrogen peroxide. 
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SI. 8: S tandardne statistike za pogostnost izoliranih zob jamskega medveda v delu stratigrafskega niza na enoto ( 1 m2 in reženj 
debeline 0,12 m). 
Fig. 8: Standard statistics for determining frequency of isolated cave bear teeth in strat igraphic series per unit (1 square metre, 
0.12 m deep) . 
et al. 1982). Za do ločevan je živalske vrste si po-
magamo z več značilnostmi dlake. Velikost, oblika 
in vzorec lusk kutikule se spreminja glede na lego 
na dlaki. Pri r javem medvedu je vzorec povrhnjice 
t ransversa len , nepravi lno valovit in pri korenu 
dlake prehaja v mozaičen vzorec (Dziurdzik 1973; 
D e b r o t e / al. 1982). Vrstno značilni sta tudi debeli-
na kor teksa glede na p r e m e r d lake in zgradba 
medule. Morfološko kaže sredica mnogo različnih 
vzorcev, vidnost teh pa se lahko pri p rebavl jan ju 
SI. 9: Kutikula recentne dlake rjavega medveda (a). Kutikula in korteks človeškega lasu (/>) (Corcuff et al. 1993, Fig. 12). 
Fig. V: Cuticula of contemporary brown bear hair (a). Cuticula and cortex of human hair (/>)(Corcuff et al. 1993, Fig. 12). 
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S/. 10: Energijsko disperzijska X-žarkovna analiza (EDAX) 
recentne dlake rjavega medveda (a), fosilne dlake (b) in sprimka 
(c). 
Fig. 10: Results of Energy Dispersion X-ray Analysis (EDAX) 
of contemporary brown bear hair (a), fossilised hair (/>), and 
aggrcgate(e). 
spremeni , kot se to u tegne zgoditi tudi pri fo-
silizaciji. Rjavi medved ima mnogoceličen (multi-
ce lu ra ren) mrežast i vzorec sredice (Debro t et al. 
1982). 
Dlake nad lanke imajo v p rečnem prerezu raz-
lično obliko, od okrogle do bolj zapletenih vzorcev. 
Obl ika in p r e m e r prečnih rezov se pri d lakah 
nad lanke vzdolž dlake bis tveno spremin ja , saj se 
d lake od ko rena prot i vrhu širi jo in na konici 
zopet stanjšajo. Na najširšem delu so dlake običajno 
sploščene. Pri r javem medvedu so dlake podlanke 
pravi loma okrogle do rahlo ledvičastega preseka 
in p remera 0,05 - 0,09 mm. Dlake nad lanke imajo 
obliko prečnega prereza od najpogostejše okrogle 
(Dziurdzik 1973) do eliptične in redkeje ledvičaste 
oz. vbočeno- izbočene . Premer dlake nad lanke se 
giblje od 0,11 do 0,20 mm. Na jdebe le j še dlake 
so v prerezu okrogle . 
Na podlagi zbranih analitskih poda tkov lahko 
na red imo pr imer javo med fosilnimi domnevnimi 
dlakami jamskega medveda in recentnimi dlakami 
r javega medveda . Pr imer javo o težu je ta dejstvi, 
da so fosil izirane dlake o h r a n j e n e f r a g m e n t a r n o 
in da dlake ne vari i rajo samo med vrstami temveč 
tudi zno t ra j iste vrste. 
Kutikula se v večini pr imerov ni fosilizirala. 
Tam, kjer se je i z jemoma ohrani la , pa je močno 
sp remen jena (si. 7 a2, d2). Domnevamo , da so 
različne kisline in baze med fosfatogenezo lah-
ko poškodovale povrhnj ico dlak pred fosilizaci-
jo. Z a t o smo neka j recen tn ih dlak, pr ikazanih 
na si. 7, namočili v vodikov peroksid. Dobili smo 
podobne površinske vzorce kutikule, kot jih imajo 
domnevne kut ikule fosilnih dlak. V p o d o b n e m 
sedimentacijskem okolju, kot ga poznamo v Divjih 
babah I, se je zelo dobro ohrani la kutikula človeš-
kih las, starih 10.000 let (Morel l 1994). 
Korteks domnevnih fosilnih dlak je na splošno 
bol je o h r a n j e n kot kut ikula (si. 6). Kor t ika lna 
zgradba je bila med fosilizacijo večinoma spreme-
njena . Vendar so se iz jemoma lahko ohranil i celo 
vlaknasti kerat inski omot i okoli kort ikalnih celic 
(cfr. si. 6 a in 9 b). S p r e m e n j e n je oč i tno tudi 
odnos med debelino korteksa in premerom fosilnih 
dlak. V plastičnih fosfa tn ih sprimkih so se lahko 
dlake pred fosil izacijo pod vplivom kislin in baz 
deformira le , t ako da so odtisi večji, fosilizirani 
ostanki dlak pa manjši . Z a t o nam ti podatki niso 
v pomoč pri de terminaci j i na ravni vrste. 
Medu lo domnevnih fosilnih dlak smo odkrili 
v dveh pr imer ih (si. 7 c2). Je brez vzorca in za 
določanje vrste ne pride v poštev. Velikost premera 
sredice fosi l izirane dlake se dobro u j ema s pre-
merom kanala r ecen tne dlake r javega medveda . 
Debel ine in oblike presekov domnevnih fosil-
nih dlak so najbol j verodos to jno ohran jene v odti-
sih na površini in znotra j fosfatnih sprimkov. Obli-
ka in velikost manjših luknjic us t rezata dlaki po-
dlanki rjavega medveda. Prav tako premeri večine 
fosil iziranih dlak. Večje luknjice v spr imkih so 
po obliki in velikosti bolj variabilne ter se povsem 
u j e m a j o z r azponom velikosti in obl iko prečnih 
presekov dlak nadlanke rjavega medveda. Zanimi-
vo je, da niso večje od debel in recen tn ih dlak 
r javega medveda . Na domnevn ih fosilnih dlakah 
opažamo tudi za recentne dlake značilno tanjšanje 
oz. debe l j en je v vzdolžni smeri (si. 7 b2). Dlake 
ostal ih naših večjih sesalcev po obliki prerezov 
in razponu p remerov ne us t reza jo luknj icam v 
fosilnih spr imkih. 
SKLEP 
Fosilne odtise in fosil izirana vlakna v fosfatnih 
sprimkih iz najdišča Divje babe I lahko z veliko 
ver je tnos t jo oprede l imo kot ostanke dlak jamske-
ga medveda. To so tako prve dokument i rane najd-
be fosilnih dlak te izumrle živalske vrste nasploh. 
Na jdbe so r ad ioka rbonsko zanesl j ivo da t i rane z 
A M S pos topkom na podlagi vzajemnih vzorcev 
lesnega ogl ja in kos tnega ko l agena j a m s k e g a 
medveda ( R I D D L , neobjavl jeno) . Nj ihova pov-
prečna r ad ioka rbonska starost znaša 45.450 let. 
Z njimi se odpi ra nova mikropa leon to loška smer 
v raziskavah pleistocenske sesalske favne in ostan-
kov njenih tkiv, ki so se ohranili v povsem običajnih 
sed imentac i j sk ih okolj ih in pogoj ih fosil izacije 
za razliko od nekaterih izjemnih podobnih mlajše-
p le i s tocensk ih n a j d b drugih velikih sesalcev v 
posebnih okolj ih (cfr. Kurten 1968, 137s, 143). 
DODATEK 
Z energi jsko disperzi jsko X-žarkovno anal izo 
(EDAX) smo obdelali več točk na svežem prelomu 
fos fa tnega spr imka z odtisi dlak, več kort ikalnih 
presekov in površin istih in različnih fosilnih dlak 
in kutikulo z delom korteksa recentne dlake rjavega 
medveda . Pri vseh poizkusih smo dobili p o d o b n e 
rezultate (si. 10). Korteks fosilnih dlak se kemijsko 
ne razl ikuje od fosfa tn ih sprimkov. Sestavljen je 
predvsem iz fosfor ja (P) in kalcija (Ca) . O žveplu 
(S), ki je glavna sestavina recentnih dlak, ni sledi. 
Na podlagi tega sk lepamo, da gre za prave fosile, 
ki so nastali v fos fa tnem okolju med fosfa toge-
nezo. 
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Fossilised cave bear hairs from 45,000 years ago found at Divje babe-I in Slovenia 
Translation 
INTRODUCTION 
Years of invest igat ion at the mult i layer Palaeol i th ic site 
of Divje babe- I , located in the Idri jca river valley in nor th-
wes tern Slovenia have yielded the in teres t ing and impor tan t 
discovery of cer ta in fossilised remains of hairs and their im-
prints. 
With the recent g roup of Palaeoli thic f inds and the richest 
pa laeonto logica l and pa laeobo tan ica l r emains found to da te 
in Slovenia, the Divje babe-I site is of cons iderab le regional 
significance. The Palaeolithic finds belong to the early Aurigna-
cian per iod ( 1 hor izon, layer 2), and a specif ic assemblage 
within the late Mous te r ian per iod (5 horizons, layers 3 to 14), 
character ised by a high percentage of Upper Palaeolithic tools 
(unpub l i shed) . The pa laeonto logica l f inds cover m o r e than 
50 d i f fe rent species of mammals (unpubl i shed) , with the cave 
bear (Ursttsspelaeus, Rosenmul le r and He in ro th 1794) being 
responsible for the largest number of remains (Turke/ al. 1992). 
The palaeobotanical remains include pollen and charcoal (Turk 
et al.1988-1989; Šercelj , Cul iberg 1985; 1991). The typical 
Palaeoli thic remains and the unpubl i shed results of radiocar-
bon da t ing using the A M S me thod provide a good ch rono-
stratigraphic picture of the site. It belongs to the Interplenigacial 
of the Last Glacial per iod (Wiirm) and, at least with regard 
to layers 2 to 13, da tes f rom between 35,300 and 50,800 years 
ago ( R I D D L 734, 746, 759; Turk et al. 1989). The most reli-
able dat ing of the layers that contain Mouster ian finds is based 
on reciprocal samples of charcoal and bone collagen ( R I D D L 
739 + 745 and 746 + 759) f rom two individual units (1 squa re 
me t re , split 0.25 m to 0.30 m deep) . The r ad ioca rbon da t ing 
of d i f f e ren t sample mater ia l s did not yield a statistically sig-
nificant (P > 0.80) d i f f e rence in age (</. Taylor 1987, 125). 
Systematic excavat ions at the Divje babe-I site began in 
1980 and are still in progress at the t ime of writ ing. T h e re-
mains of the hairs were found in 1994, the result of an exten-
sive examina t ion of sed imen t s using a very met icu lous field 
m e t h o d , which since 1990 has involved the rinsing of all ex-
cavated s ed imen t s using sieves with holes of d i a m e t e r s 10, 3 
and 0.5 mm. 
KINDS IN THEIR NATURAL SEDIMENTARY 
ENVIRONMENT 
All sed imen t s at Divje babe-I are charac te r i sed by aggre-
gates and f r agmen t s of the do lomi te bedrock (hat houses the 
cave shaped dur ing the Ple is tocene. The f r a g m e n t s of dolo-
mite are of var ious sizes, ranging f rom silt to boulders . The 
aggregates are of a smal ler size, less than 10 mm in d i ame te r 
on average. The i r n u m b e r rises exponent ia l ly in inverse pro-
por t ion to the i r size. The 26 layers d i f fe r mostly with regard 
to the density of aggrega tes (fig. I), which is easily measu red 
in te rms of weight per volume (fig. 2). Aggregates are fragile, 
more or less rounded , and o f ten f r ac tu red (fig. 3). The grea t 
age of these f r ac tu re s is evident f rom traces of vivianite and 
dendr i t e s . Both are also found on the surface of the aggre-
gates, the do lomi te f r agmen t s , and the fossil bones . The fis-
sures show that the mater ia l cons t i tu t ing the aggregates was 
once plastic, and later f r ac tu red in the process of solidifica-
t ion. Chemical analysis (P and K) of the aggregates showed 
a high phosphorus content (10% to 23% compared to the 0.02% 
to 0.87% range characteristic of sediments of uninhabited caves 
and the soil in the vicinity) and a normal potass ium con ten t , 
which led them to be named p h o s p h a t e aggregates or grains. 
Layers whose smaller-sized fract ion consist almost exclusively 
of p h o s p h a t e grains and which have the highest p h o s p h o r u s 
conten t were named p h o s p h a t e layers. 
Phospha te aggregates con ta in varying quant i t i es of dolo-
mite silt and sand within a calcium phospha t e matrix. Very 
h o m o g e n e o u s aggrega tes are made of solidif ied ge la t inous 
mater ia l , with small quant i t i es of do lomi te par t ic les . W h e n 
such aggregates f r a c t u r e a ne twork of microscopic in ter ior 
channels is revealed (Jig. 4a). The cross-sections of these channels 
are circular or oval, or very occasionally ren i fo rm, of var ious 
diameters . Thinner channels have diameters ranging f rom 0.05 
mm to 0.09 mm (average d i ame te r 0.067 mm), while wider 
channe l s range be tween 0.11 mm and 0.22 mm in d i ame te r 
(average 0.135 mm) . M e a s u r e m e n t s were m a d e using a mi-
croscopic measur ing ins t rument . Longitudinal sections of the 
channels reveal straight grooves having a more or less smooth 
surface with no specific structure. Rare examples display imprints 
of f ibres on their sur faces . O n e such example is shown in fig. 
4b, in which the in ter twined grooves and minera l i sed f ibres 
in the channe l are impr in ted on the su r face of the phospha t e 
grain. The rounded edges and the charac ter i s t ic pa t ina tes-
tify to the old age of the sur face of this imprint , as freshly 
f rac tu red aggregates conta in no pa t ina . 
Some channe ls con ta in longer f ibres with round cross-
sections, which are usually th inner than the channel itself (fig. 
5) .Both channe l s and f ibres f requent ly a p p e a r in aggrega tes 
f rom the phospha t e layers which also conta in n u m e r o u s cave 
bea r bones and tee th . Seventeen f ibres were examined using 
an electron microscope, and twelve of these were isolated. 
The surface of the fibres consists of longitudinal threads of 
varying thicknesses observable under very high magnification 
(fig. 6 a-d). One sample has a folded, ring-like surface (fig. 7 
a2). As seen during the examination of the channels, the fi-
bres are also of varying thicknesses (0.035 mm to 0.115 mm, 
the average of 16 samples being 0.054 mm). It is thought that 
some samples taper (fig. 7 b2). All of the cross-sections were 
approximately circular, and some are characterised by a type 
of wrapping around the core (fig. 7 a2), while others have a 
hole in the centre (fig. 7 c2). 
It was immediately thought af ter the discovery of these 
shapes, particularly the channels and grooves - the fossil fi-
bres were discovered only af ter using the electron microscope 
- that these shapes were the imprints of bear hairs. Such thinking 
was prompted by the presence of a dog which was shedding 
its coat. How many hairs must have remained af ter thousands 
of bears had sought shade and shelter in the cave! At least 
three bears over one year of age died in the cave in the course 
of 10,000 years, decomposing in every single cubic metre of 
sediment in layers 2 to 5. The level of bear remains per cubic 
metre in layers 10 to 14 is almost ten times higher. From the 
billions of hairs produced by the bears, several thousand must 
have survived to the present day. 
IMPRINTS AND FOSSILISED BEAR HAIRS -
YES OR NO? 
Divje babe-I is a typical cave bear den. Similar dens have 
been investigated in Slovenia and elsewhere in the region (Brodar 
M. 1959; Rakovec 1967; Brodar and Brodar 1983; Broglio 
1964; Malez 1986). The Divje babe-1 site contains large quantities 
of cave bear fossil remains unevenly distributed throughout 
layers both vertically and horizontally (fig. 8). Other finds are 
of a much more limited extent and are quite rare. The bones 
and teeth belong mostly to young bears who died during the 
time of teething. They consti tute between 40% and 86% of 
the fossil remains at Divje babe-I, and their proport ion var-
ies f rom layer to layer. Isolated milk teeth and isolated per-
manent teeth in the erupt ion phase are intensely positively 
correlated across the layers (r = 0.359 to 0.567, P < 0.01 and 
0.001, n = 54 to 166). t h i s means that they belonged to in-
dividuals that died during the first winter hibernation alone 
or together with the mother . The sex distribution s t ructure 
of the fossil populat ion identified on the basis of the metric 
dimorphism of permanent teeth varies in relation to the age 
distribution (Turk et al. 1992). This indicates that one-year-
old and two-year-old bears hibernated with their mothers and 
died with them. The large quantity of pollen from insect-
pollinated plants in the sediments at Divje babe-I, which varies 
in proport ion to the number of cave bear fossil remains, in-
dicates that bears also inhabited the cave in summer, as some 
of these insect-pollinated plants form part of the diet of the 
contemporary brown bear . The cave bear was undoubtedly 
the only regular inhabitant of the cave, and, apart from man, 
was also the principal polluter of the environment . Conse-
quently, it can be justifiably assumed that the imprints of the 
fossilised fibres, which appear in multi tudes, are hairs f rom 
the cave bear. The possibility that the fossils are in lact hu-
man hairs, which are very similar to bear hairs in terms of 
both shape and dimensions, is unlikely, given the low number 
of Palaeolithic artefacts and the complete lack of human skeletal 
remains, but cannot be ruled out completely. The hair of other 
large mammals in the region does not match the cross-sec-
tion shapes or length of the channels in the phosphate aggre-
gates. 
More than a hundred years of research and investigation 
of cave bear sites and fossils has given very detailed knowl-
edge of this species (Kurten 1976). However, to the best of 
the authors' knowledge, fossilised hairs have not yet been found 
or documented at any site, although imprints of cave bear hair 
were discovered in a fossil bear nest embedded in clay in the 
Fauzan cave in the French province of Herault (Gillet 1963-
1965 138). Fossil bear nests are quite rare, and were not pre-
served at Divje babe-I. As regards other preserved features 
of this kind, bear hair has never been mentioned (Barthe 1984; 
Malez 1988). However at Divje babe-1 sediments there were 
not only imprints of hair, but also the fossilised hairs them-
selves, and a decision was made to under take a detailed com-
parison with the hair of the brown bear, the closest living relative 
of the extinct cave bear. 
The hair in mammals consists mostly of microfilaments of 
keratin, an extremely firm, resilient and resistant protein. The 
outer, extremely thin layer - a covering or membrane (cuticula) 
consists of many callous scaly cells (fig. 9a). The cortex, which 
lies under the cuticula, is composed of cells which in humans 
have the characterist ic shape of a spindle (fig. 9b) within a 
network of f ibrous keratin bundles (Corcuff era/ . 1993). The 
innermost part , the medula, consists of dead cells of differ-
ent visibility, which form the channel for nutrients, filled with 
air or an organic fluid containing pigment (fig. 7c 1). The structure 
of hair varies f rom species to species in minute detail, and 
retains characterist ic fea tures even when digested, which is 
exploited in the research of the feeding habits of carnivores 
(Day 1966). 
The fur of the modern brown bear (Ursus arctos Linnaeus, 
1758), like the fur of other large mammals, consists of sev-
eral kinds of hair. The basic types are the longer hairs of the 
overhair , and the denser , woolly hairs of the underhair . The 
two differ substantially both in shape and structure, and the 
differences between the overhair of various species or fami-
lies is more pronounced. The hair on different parts of the 
body varies little, with the exception of the short hair cover-
ing the paws and snout (Debrot et al. 1982; Teernik 1991). 
There is little difference between the summer and winter coats 
of carnivores, in contrast to ruminants, who display great vari-
at ions in this respect (Debrot et al. 1982). Several character-
istics of hair are helpful in the identification of the species of 
origin. The size, shape and pat tern of the cuticula scales vary 
in relation to their location on the hair. For the brown bear 
the pat tern of the outer layer is transversal, and irregularly 
undulating, but t ransforms into a mosaic pat tern nearer the 
root (Dziurdzik 1973; Debrot et al. 1982). Also specific to 
the species is the thickness of the cortex in relation to the 
diameter of the hair and the s t ructure of the medula. Mor-
phologically, the medula displays a variety of pat terns, but 
visibility can be al tered during the process of digestion, and 
the same may happen in the process of fossilisation. The medula 
of the hair of the brown bear has a multicellular, web-like 
pat tern (Debrot et al. 1982). 
The cross-sections of hairs in the outer coat vary in shape, 
ranging from simple circles to quite intricate patterns. The 
shape and diameter of the cross-sections vary radically along 
the length of the hair, as proceeding f rom the root the hair 
thickens, before becoming thinner towards its tip. At its thickest 
part the hair is usually f lat tened. In brown bear undcrhairs 
are usually circular or slightly rcniform, measuring 0.05 mm 
to 0.09 mm in diameter . The cross-sections of the overhairs 
vary from mostly circular (Dziurdzik 1973) to oval, or occa-
sionally rcniform. The diameters of overhairs range from 0.11 
mm to 0.20 mm, and the thickest hairs are circular. 
Such figures serve as the basis for a comparison of fossil-
ised cave bear hairs and the hairs of the contemporary brown 
bear. Comparison is difficult because the fossilised hairs are 
preserved only in fragments, and hairs differ not only between 
species but also between individuals within a species. 
In most cases the cuticula itself was not fossilised. In the 
few samples in which the cuticula had survived it had been 
radically a l te red ( f i g s 7a2; 7d2). It was assumed that dur ing 
phospha togenes i s var ious acids and bases damaged the coat-
ing of the hairs be fo re fossi l isat ion. As an exper iment , con-
t empora ry hairs were soaked in hydrogen peroxide. This re-
sul ted in the fo rma t ion of sur face pa t t e rns on the cut icula 
similar to those found on the cut iculae of fossilised hairs. In 
a sedimentary environment similar to that found at Divje babe-
I, the cuticula of a human hair 10,000 years old was found 
preserved (More l l 1994). 
The cortex of fossilised hairs is generally be t te r preserved 
than the cut icula (fig. 6a-d), but in most cases the s t ruc ture 
altered during fossilisation. In rare samples, however, the fibrous 
kera t in coat ings enve loping the cortex cells were preserved 
(cf. fig. 6a and 9b). The rat io of cortex thickness to hair di-
ame te r also changed substantial ly. In plastic p h o s p h a t e ag-
gregates , unde r the inf luence of acids and bases, hairs were 
d e f o r m e d be fo re fossi l isat ion, yielding larger imprints and 
smal ler fossilised remains . These f igures are t h e r e f o r e of no 
assis tance in de t e rmina t i on at the species level. 
Two samples of fossilised hairs contain a preserved medula 
(fig. 7c2), a l though they lack pa t t e rn and could not be used 
for de t e rmina t i on of species. The d i ame te r of the medula in 
the fossilised hairs reasonably ma tches the d i ame te r of the 
channel in brown bear hairs. 
The thicknesses and shapes of fossilised hair cross-sections 
are most reliably preserved in the imprints on the surface and 
in ter ior of the p h o s p h a t e aggregates . The shape and size of 
smal ler holes match the unde rha i r s of the living brown bear . 
The same appl ies to most of the samples of fossilised hairs. 
The larger holes vary more with regard to shape and size, but 
match perfect ly the range of sizes and shapes of cross-sec-
t ions of brown bear overhairs . It is in teres t ing that they do 
not exceed the size of con t empora ry brown bea r hairs. The 
fossil ised hairs also display the longi tudinal th inn ing and 
thickening characteris t ics of con temporary hairs (fig. 7bl-b2). 
The hair of o ther larger mammals in the region does not match 
the shape or d i a m e t e r of the holes in the fossil aggregates . 
CONCLUSION 
The fossilised imprints and f ibres in the phospha te aggre-
ga tes f r o m Divje babe-I may be ident i f ied , in all probabil i ty , 
as remains of cave bear hairs, the first documen ted discovery 
of fossilised hairs f rom this extinct species. The fossils were 
reliably carbon dated using the A M S method based on recip-
rocal samples of charcoal and cave bear bone collagen (RIDDL, 
unpubl ished) . Thei r average rad iocarbon age is 45,450 years. 
This discovery opens a new course for micropalaeonto logy in 
the research of Pleis tocene m a m m a l species, towards tissue 
preserved by sed imenta ry env i ronment s and the condi t ions 
of fossilisation in numerous caves, in contrast to certain o ther 
similar late Pleis tocene f inds of o ther large mammals in more 
specif ic env i ronment s (cf. Kur ten 1968, pp 137-143). 
APPENDIX 
The EDAX method (Energy Dispersion Analysis by X-rays) 
was employed to examine several spots on the f resh f r ac tu re 
of a phospha t e aggregate with imprints of hairs, several cor-
tical sect ions and the sur faces of these and o the r fossil ised 
hairs, and the cuticula and partial cortex of contemporary brown 
bea r hair. All the tests yielded similar results (fig. 10 a-c). 
The chemical s t ruc ture of the cortex of fossil ised hairs does 
not d i f fe r f rom that of the phospha t e aggregates , consist ing 
mostly of phosphorus (P) and calcium (Ca). There was no trace 
of su lphur (S), the main c o m p o n e n t of con t empora ry hairs. 
On the basis of these f indings it can be concluded that the 
remains are true fossils fo rmed in the phospha te environment 
dur ing phospha togenes i s . 
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